We set two non-linear differential equations models that interpret the Aedes aegypti population dynamics in immature and mature stages, including the human population. In the first model it is considered a constant delay that simulates the quiescence phenomenon. The second is set with no quiescence, to compare the effect of this phenomenon in the dynamics of the vector's population.
Introduction
Aedes aegypti has been one of the hot topics during several years due to different issues that has originated. This one is the main vector of Dengue, Hemorrhagic Dengue, Chikungunya, and Zika. These diseases are easily propagated and sometimes generate high mortality rates, as example, the Dengue epidemics that happened in Cuba (1981) with 344.203 documented cases, from those 10.312 were serious with 158 deaths. Another case happened in Venezuela where 8.619 cases were notified, in that case 117 deaths were reported [7] .
Mathematical models applied to Dengue have contributed in the implementation of strategies to control the virus propagation. Those models account for virus dynamics as well as the dynamics of the main Dengue transmitter, the Aedes aegypti mosquito.
If the environment conditions are not favorable, that is to say, in absence of appropriated sinks for the egg's hatching, as climatic factors, fumigation, or eradication, the Aedes aegypti mosquitoes in their egg stage could remain without biological activity (quiescence) that can be extended till 450 days [2] .Once having contact with water, they could reactivate their biological development and may hatch in a short time period. Then, it is interesting to analyze the effect of quiescence in the population dynamics of the mosquito (Aedes aegypti ). It is also important to determine the effect of the control strategies that are applied to the mature and immature stages.
Aedes aegypti in their immature stage requires appropriated sinks for the egg's hatch. Some of these are: water deposits, tires, old batteries, and practically all kind of recipients that may contain water [8] . Those sinks could periodically appear due to the men manipulation as well as to rainy seasons. Due to this situation may be constantly varying,then, it is set the stationarity phenomenon that accounts for periodic fluctuations of the variable in short time ranges [5] .
We have proposed a model with four populations that are: adult carrier mosquitoes, eggs, larvae-pupa, and infected persons. A constant delay is also included for the eggs's to larvae-pupa transformation, which simulates the presence of that phenomenon. Afterwards, a model without delay which indicates that the phenomenon is not considered. Both simulations are compared and some conclusions are posed.
Preliminary notes
To determine the influence of the quiescence in the population dynamics, when human population is included, we have proposed mathematical models that include that population, and the mosquitoes in their different stages as well. The first one considers a constant delay (with quiescence) and the second with no quiescence.
Constant delay model
Behavior diagram:
Considering a delay time τ for the egg to larvae-pupa transformation, the following model is set:
where x: Fraction of virus carrier mosquitoes in adult stage at time t.
1 − x: Fraction of non-carrier adult mosquitoes at t.
y: Fraction of viable eggs at time t.
z: Fraction of immature stages (larvae-pupa) at time t.
w: Fraction of Dengue infected people at time t.
β: The carrier mosquitoes increasing rate.
ǫ: Death rate of the adult mosquitoes due to environmental factors.
φ: The increasing number of viable eggs.
α: The eggs elimination rate.
θ: Rate of transformation from eggs to larvae after a time τ .
δ: Death rate of the immature stages (larvae-pupa) due to environmental factors.
λ: The bite rate per capita of the carrier mosquitoes to persons.
η: Probability of the Dengue infection in humans induced by a carrier mosquito.
µ: The people natural mortality rate.
ψ: The recovery rate of the infected persons.
σ: The virus transmission probability from infected persons to non-carrier mosquitoes.
Simulations
Using the parameters values of Table 1 , we have realized the simulations corresponding to the system (1-4) (see figure 1) . In Figure 1 it is shown that the populations have a non-monotonic behavior due to the delay (τ = 50) that simulates the quiescence phenomenon.
In the first time interval (from 0 to 50) it is observed that the size of the viable eggs population decreases and the other populations increase, this fact can be interpreted as the period where there exist constant hatching of the eggs (that is to say, there is no quiescence), and then, that population decreases since it becomes to larvae-pupas and eventually they turn into adult mosquitoes (that drives to the increase in the size of those populations). After 50 days (delay time) the eggs begin a quiescent state and then, the population increases leading to the decrease of the remaining populations. This behavior is repeated each 100 days (50 days with and 50 without quiescence).
It can be noted that the infected people population does not cancel, instead, it shows a tendency to a tiny value. This fact has sense because the infected people number is small. Also, the death and recovery rates contribute to the decrease of that population.
In Figure 2 it is observed that as time pases the adult mosquitoes and larvae-pupas populations tend to stabilize to 20% of the population. The eggs population tends to a major percentage that the other populations (close to 50%), that is a consequence of the real proportion of those populations.
Model without delay
Now, it is considered the previous model but without delay to compare and determine the influence of the quiescence phenomenon, when interaction with humans is considered, that is:
where the state variables and parameters are the same as in the previous model.
Simulations
In Figure 3 it is possible to observe that the populations tend to stabilize in fixed values, but depicting a monotonic behavior, after a short time period.
Although, the mosquitoes populations in their different stages tend to stabilize in values that are similar to the ones obtained in the previous model (20% larvae-pupas and adults, and 50% eggs). It can be noted that the infected people population increases, namely, the quiescence phenomenon drives to a decrease in that population, and also, it will generate an increase in the size of the susceptible people population. 
Main Results
Making a comparison between simulations, it can be noted that:
• The quiescence phenomenon, represented as a constant delay, notably influences the infected persons population dynamics. It presents a decrease when quiescence is considered.
• Also, it is evident that quiescence conduces to a late stability (a longer time, more than 5000 days). A much longer time than stability in a model without quiescence, that is around 50 days.
